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Children and adolescents with maltreatment-related posttraumatic stress disorder (PTSD) exhibit smaller
intracranial tissue volume than controls. Linear relationships have also been observed between intracra-
nial tissue volume and the age of maltreatment onset. The authors explored associations among adult
PTSD, early trauma, and cerebral volumes in 99 combat veterans. A bone-based estimate of cranial
volume was developed to adjust for variation in body size. Posttraumatic stress disorder was not associ-
ated with smaller cerebral tissue volume, but rather with smaller cerebrospinal fluid (CSF) and cranial
volumes. These findings co-occurred with expected effects of alcoholism and aging on cerebral tissue and
CSF volumes. The results point to early developmental divergences between groups with and without
PTSD following adult trauma.

Studies employing structural magnetic resonance imag-

ing (MRI) have found that maltreated children with post-

traumatic stress disorder (PTSD) have smaller intracranial

volumes than controls (Carrion et al., 2001; De Bellis

et al., 1999; De Bellis et al., 2002). Although genetic

contributions to smaller cerebral volumes are recognized

(Gilbertson et al., 2002; Tramo et al., 1998), environmen-

tal influences may provide a more parsimonious expla-

nation of the observed correlations between intracranial

volume and age at maltreatment onset (see also Fennema-

Notestine, Stein, Kennedy, Archibald, & Jernigan, 2002).

Among studies reporting smaller hippocampal volume in

adult PTSD, trends toward smaller cerebral tissue volumes

are noted (c.f. Bremner et al., 2003; c.f. Gurvits et al., 1996;

Lindauer et al., 2004; Woodward et al., 2006), although

only one study has found a significant effect (Wignall

et al., 2004). Childhood adversity may be a necessary con-

dition for smaller brain volume in adult PTSD, but it is
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only one of a number of risk factors (Brewin, Andrews, &

Valentine, 2000). Hence, its impact in such studies may be

diluted. In this study, relations between cerebral volumes

and age at first trauma were investigated using a correla-

tional approach. The effect of covarying for intelligence,

also moderately correlated with brain volume (McDaniel,

2005) and a factor in PTSD risk (McNally & Shin, 1995),

was also examined.

Although most PTSD neuroimaging studies have used

cerebral macrovolumes to increase power in analyses of

hippocampus and anterior cingulate cortex, they have not

included methods of adjustment for normative variation

in body size applicable to those macrovolumes, themselves.

One approach is to covary for stature. After doing so,

Fennema-Notestine et al. (2002) observed that victims

of interpersonal violence had smaller intracranial volume

than controls whether or not they met criteria for PTSD.

A more proximate index might be supplied by an MRI-

derived, bone-based estimate of cranial volume. We chose

a bone-based estimate because skull-stripping performed

on the T1-weighted images in preparation for brain tissue

analyses typically removes meningeal tissue and nonsul-

cal cerebrospinal fluid (CSF), leaving approximately 6%

of intracranial volume unaccounted for (Courchesne et al.,

2000). Below, this bone-based estimate is referred to as cra-

nial volume. Cerebral volume refers to total supratentorial

brain tissue, alone. Intracranial volume commonly refers to

the sum of brain tissue and CSF volumes, a variable that

will not be considered here.

This study also examined sulcal and ventricular CSF

volumes, expecting to find an increased volume in PTSD

in agreement with two prior studies (Gurvits et al., 1996;

Villarreal et al., 2002). Both alcoholism and normal aging

are known to be associated with larger CSF volumes as well

as smaller cerebral tissue volumes (reviewed in Pfefferbaum

et al., 1992). Posttraumatic stress disorder was crossed with

lifetime alcoholism and theater of service (Vietnam vs.

Persian Gulf, hereafter labeled cohort), employing the latter

factor as a proxy for aging. In this manner, this study sought

to examine the independent and joint influences of PTSD

in combination with known associates of adult cerebral

structural variation.

M E T H O D

Participants were recruited through in-person contacts,

flyers, and radio advertisements, participant databases,

and referrals from clinicians and participants. All PTSD-

positive (PTSD+) participants were treatment seeking. Al-

though members of all subgroups were recruited at both

sites, a majority of the Vietnam-era PSTD+ participants

were tested at the Palo Alto site, whereas a majority of

the Gulf War PTSD+ participants were tested at the

Boston site. Hence, the Vietnam cohort was biased to-

wards inpatients, and the Gulf War cohort towards out-

patients. Initial screening established that all participants

were combat-exposed U.S. military veterans of the Viet-

nam Conflict or the Gulf War reporting no current or past

central nervous system (CNS) disease, no psychosis, and

no alcohol or substance abuse/dependence in the last 6

months. Participants provided written informed consent

in accordance with procedures of applicable Institutional

Review Boards. Completing participants were paid $100.

Participants meeting screening criteria were administered

the Clinician-Administered PTSD Scale (CAPS; Blake

et al., 1997) and selected Axis I modules of the Struc-

tured Clinical Interview for the DSM-IV (SCID; First,

Spitzer, Gibbon, & Williams, 1995). Self-report instru-

ments included the Combat Exposure Scale (CES; Keane

et al., 1989), the Life Events Checklist (LEC; Blake

et al., 2000), the Mississippi Scale for Combat-

related PTSD (MISS; Keane, Caddell, & Taylor, 1988),

the Beck Depression Inventory (BDI; Beck, Ward,

Mendelson, Mock, & Erbaugh, 1961), and the Michigan

Alcohol Screening Test–Short Form (SMAST; Selzer,

1971). The MISS and CAPS item data were each miss-

ing for one participant and BDI data for two. Eighty-seven

participants also underwent a structured interview devel-

oped for this study to determine (a) which LEC endorse-

ments fulfilled PTSD Criterion A, and (b) at what age

they occurred. (The time required to develop this measure

mandated that testing begin before it was completed.)

Participants were excluded as follows: negative for cur-

rent military PTSD and positive for lifetime civilian

PTSD (18), currently alcohol/drug abusing/dependent

Journal of Traumatic Stress DOI 10.1002/jts. Published on behalf of the International Society for Traumatic Stress Studies.



766 Woodward et al.

(14), probable brain damage/psychosis (8). Withdrawals

were as follows: fatigue or nicotine withdrawal (4) and

claustrophobia (5). Two participants missed scanning ap-

pointments and were thereafter unreachable. Eleven partic-

ipants were excluded due to imaging artifact and two due

to undiagnosed brain injury. The final sample included 99

military veterans. The PTSD+ participants met criteria

for current PTSD as a result of experiencing one or more

military traumas. PTSD-negative (PTSD−) participants

were free of diagnosable PTSD, current or lifetime. Partic-

ipants positive for alcohol abuse/dependence (ETOH+)

were classified based upon meeting lifetime, but not cur-

rent, criteria on the SCID. Psychotropic medications were

continued during participation in this study. Seventy-nine

percent of the PTSD+ participants were taking some form

of psychotropic medication versus 21% of PTSD− par-

ticipants. The PTSD+ versus PTSD− group medication

rates by class were as follows: antidepressants, 61% ver-

sus 6%; selective serotonin reuptake inhibitors, 28% ver-

sus 2%; and anticonvulsant/mood-stabilizing medications,

26% versus 2%.

Magnetic resonance imaging was performed using two

1.5 T General Electric Signa systems (General Electric

Corp., Fairfield, CT), one at the Diagnostic Radiol-

ogy Center of Veterans Affairs Palo Alto Health Care

System (Palo Alto, CA), and one at the Brain Imag-

Figure 1. Estimation of cranial volume was based upon the total anteroposterior (AP) distance between frontal and occipital poles
of the brain along the axis determined by the anterior-commissure–posterior-commissure (AC-PC) line, and three equally weighted
rectangular estimates of cranial cross-sectional area, an anterior cross-section at 25% of AP distance, a posterior cross-section at
75% of the AP distance, and a medial cross-section at 10-mm posterior to the AC. (See text for further details).

ing Center of McLean Hospital (Belmont, MA). The

present data were derived from 124-slice T1-weighted

volumetric spoiled gradient recalled (SPGR) image series

(TR = 35 ms, TE = 6 ms, flip angle = 45 degrees, field

of view = 24 cm, number of excitations = 1, image ma-

trix size = 256 × 192). The raw data were imported into

BrainImage (BrainImage 5.x, A. L. Reiss, Stanford Univer-

sity, Stanford, CA) for image optimizations that included

correction for inhomogeneity artifact, resampling to cubic

.9375 mm3 voxels, positional normalization by reference to

the anterior and posterior commissures and the intrahemi-

spheric fissure, skull-stripping, tissue segmentation based

upon a constrained fuzzy algorithm (Reiss et al., 1998), and

parcellation according to a modified Talairach grid (Kates

et al., 1999; Talairach & Tournoux, 1988).

Using positionally normalized images, cranial volume

was estimated by summing three rectangular volumes de-

termined by the cross-sectional areas of the cranial vault

at anterior, central, and posterior slices, each multiplied

by 33% of cranial length (See Figure 1). As reliable dis-

crimination of the inner table of the skull from underly-

ing CSF is difficult on T1-weighted images, the boundary

between the outer table of the skull and overlying mus-

cle was employed. Ventral landmarks and the locations of

width vectors were based upon features of cerebral tissue.

The central slice was established 10 slices (9.375 mm)
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posterior to the anterior commissure. The height of the

vault at this slice was measured on a line following the

central sulcus, terminating dorsally at the external skull

boundary, and ventrally at a line tangent to the inferior

margins of the temporal lobes, bilaterally. The width of

the cranium at this slice was estimated using a line inter-

secting the superior margin of the nadir of the “U” formed

by the first decussation of white matter from the temporal

isthmus, bilaterally, and terminating at the external skull

boundaries. The first and last slices containing brain de-

fined total cranial length. The anterior slice was identified

at 25% of this distance and the posterior slice at 75%.

The height of the anterior slice was measured as the length

of the line following the central sulcus, terminating dor-

sally at the external skull boundary and ventrally at the

planum sphenoidale. The width at the anterior slice was

measured on the line connecting the superior margins of

the insertions of the masseter muscles, bilaterally. Height

at the posterior slice was estimated as the length of the line

following the central sulcus, terminating dorsally at the

external skull boundary, and ventrally at the intersection

with a line tangent to the inferior margins of the cerebellar

hemispheres. Width at the posterior slice was measured

as the length of the line tangent to the superior margin

of the cerebellar vermis and terminating at the external

skull boundaries. The imputed volume enclosed and so

over-estimated the ellipsoid cranial volume.

Intrarater and cross-site reliability estimates for cranial

volume, cerebral tissue volume, sulcal CSF volume, and

ventricular volume ranged from ricc = .94–.99, reflecting

the use of nearly identical MRI systems and exclusive re-

liance upon unsegmented tissue volumes. As no site dif-

ferences were detected, the two subsamples were aggre-

gated into a single sample of 99 participants. Group differ-

ences were tested with univariate ANOVA and ANCOVA

crossing PTSD, cohort, and ETOH. Covariates used were

cranial volume, height, and Wechsler Adult Intelligence

Scale (WAIS) (Psychological Corporation, New York, NY)

vocabulary subscale score. Effects were also retested af-

ter excluding women. Effect sizes are expressed as partial

eta-squared (η2
p ), interpretable as the proportion of vari-

ance accounted for by an effect in the context of mul-

tiple between-group factors. Selected linear relationships

between cerebral macrovolumes and continuous psycho-

metric indices were investigated.

R E S U L T S

The PTSD+ participants exhibited expected elevations

in the prevalence of current and past major depres-

sive disorder (MDD) along with higher BDI scores (see

Tables 1 and 2). Posttraumatic stress disorder was also as-

sociated with lower WAIS vocabulary scores (particularly

among PTSD+/ETOH+ participants), and with experi-

encing a first Criterion A event at an earlier age. Posttrau-

matic stress disorder was not associated with alcoholism

due to oversampling of PTSD+/ETOH− participants, al-

though even among ETOH− participants, PTSD was as-

sociated with more abuse behaviors as indicated by higher

SMAST scores. ETOH+ participants were approximately

2 years older than ETOH− participants, and reported

slightly earlier Criterion A events and MISS scores. The

Vietnam cohort reported higher combat exposure, higher

MISS scores, a higher rate of MDD, and was slightly taller

than the Gulf War cohort.

Cerebral Tissue Volume

Cerebral volume estimates are presented in Table 3. Cere-

bral tissue volume was smaller in PTSD+ participants;

however, as in most earlier studies, this result was not sta-

tistically significant, F (1,91) = 2.73, p = .10; η2
p = .03.

Consistent with the alcohol literature, cerebral tissue vol-

ume was significantly smaller in ETOH+ participants,

F (1,91) = 6.57, p < .05; η2
p = .07. There was no effect of

cohort on cerebral tissue volume, F < 1, η2
p = .01.

After adjustment for cranial volume, PTSD+ partic-

ipants unexpectedly exhibited larger cerebral tissue vol-

ume than PTSD− participants, F (1,90) = 5.41, p < .05;

η2
p = .06). Adjustment for cranial volume also modified

the effects of ETOH and cohort, rendering the for-

mer insignificant, F (1,90) = 1.99, ns, η2
p = .02, and lat-

ter significant (Gulf War > Vietnam), F (1,90) = 14.62,

p < .001, η2
p = .14. We believe these observations are best
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Table 1. Sample Characteristics: Means and Standard Deviations of Continuous Variables

Vietnam cohort Gulf War cohort

PTSD+ PTSD− PTSD+ PTSD−
(n = 38) (n = 25) (n = 13) (n = 23) Effect sizes (partial η2)

M SD M SD M SD M SD PTSD Cohort ETOH Interactions

Age 53.5 2.6 56 3.5 37 5.7 36.7 3.9 .018 .862 .011 PTSD x
COHORT:
.052; PTSD x
COHORT
x ETOH .113

Years of
education

14.4 1.8 15.5 2.2 14.3 1.7 15.0 1.9 .079 .009 .012 ns

WAIS
vocabulary
subscale
score

47.4 12.0 55.5 7.1 45.6 12.4 52.5 8.0 .128 .015 .030 PTSD x
ETOH: .050

Combat
Exposure
Scale

29.8 9.9 24.2 8.2 19.9 11.8 8.6 6.0 .164 .300 .003 COHORT x
ETOH:
.045

CAPS-TS 75.9 18.4 8.8 9.0 75.9 19.9 8.4 11.0 .815 .000 .004 ns
MISS 122.8 18.8 68.2 15.8 107.8 15.8 59.0 11.1 .704 .110 .047 ns
BDI 25.0 8.9 4.6 3.7 21.0 7.3 4.3 4.0 .631 .027 .029 ns
SMAST 3.9 4.0 2.1 3.8 3.3 3.6 0.5 0.9 .161 .048 .363 PTSD x

ETOH: .067
Age at ETOH

onset
24.6 8.0 21.5 8.7 26.7 5.0 22.1 5.9 .060 .007 ns

Age at first
Criterion A
event

12.4 6.2 19.3 6.7 11.1 6.9 17.0 8.4 .172 .027 .052 ns

Height 70.2 2.6 70.9 2.7 69.0 3.3 69.4 3.5 .009 .050 .015 ns

Note. Tabulation of continuous demographic, diagnostic, and psychometric data by posttraumatic stress disorder (PTSD) diagnosis and cohort. Sizes of main effects
associated with the grouping factors, expressed as partial η2, are located in columns headed PTSD, cohort, and ETOH respectively. Column labeled Interactions
lists any interactions. ETOH = Alcohol Abuse/Dependence; CAPS-TS = Clinician-Administered PTSD Scale total severity score; MISS = Mississippi Scale
Score; BDI = Beck Depression Inventory; SMAST = Michigan Alcohol Screening Test–Short Form; ns = nonsignificant.

understood in light of main effects on cranial volume re-

ported below. No effects on cerebral tissue volume were

modified by adjustment for WAIS vocabulary score, height,

or the exclusion of female participants.

Sulcal and Ventricular Cerebrospinal Fluid Volumes

Sulcal CSF volume exhibited a significant three-way in-

teraction of PTSD, cohort, and ETOH,F (1,91) = 4.53,

p < .05, η2
p = .05. After decomposing this interaction, it

was observed that the associations of PTSD and ETOH

with sulcal CSF volume differed over cohorts. Vietnam

cohort members exhibited a PTSD × ETOH interac-

tion, F (1,59) = 4.26, p < .05, η2
p = .07, wherein PTSD

was associated with substantially smaller sulcal CSF vol-

ume in ETOH− participants, F (1,33) = 10.17, p < .01,

η2
p = .24, but not in ETOH+ participants,F (1,27) < 1,

η2
p = .007. The Gulf War cohort exhibited only a

main effect in which PTSD was again associated with

smaller CSF volume, F (1,32) = 8.32, p < .01, η2
p = .21.

The main effect of PTSD on sulcal CSF volume was

significant as well, F (1,91) = 9.41, p < .01, η2
p = .09.
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Table 2. Sample Characteristics: Percentages of Categorical Variables

Vietnam cohort Gulf War cohort Effects

PTSD+ % PTSD− % PTSD+ % PTSD− % PTSD cohort ETOH

Male 100.0 100.0 77.0 (10) 83.0 (19) ns X2(1) = 13.18∗∗∗ ns
Caucasian 65.8 92.0 53.8 69.6 X 2(1) = 4.17∗ ns X 2(1) = 4.18∗

Current MDD 78.9 4.0 69.2 4.3 X 2(1) = 53.27∗∗∗ X 2(1) = 4.34∗ ns
Lifetime MDD 89.5 28.0 76.9 17.4 X 2(1) = 40.20∗∗∗ X 2(1) = 6.36∗ ns
Lifetime ETOH 44.7 44.0 46.2 39.1 ns ns
Criterion A event 41.0 4.0 30.0 14.0 X 2(1) = 10.48∗∗∗ ns ns

before age 8
Criterion A event 69.0 26.0 90.0 41.0 X 2(1) = 8.67∗∗ ns ns

before age 18

Note. Tabulation of categorical demographic, diagnostic, and psychometric data by posttraumatic stress disorder (PTSD) diagnosis and cohort. X2s associated
with the grouping factors are indicated in columns headed PTSD, cohort, and ETOH, respectively. MDD = Major Depressive Disorder; ETOH = Alcohol
Abuse/Dependence; ns = nonsignificant.
∗ p < .05. ∗∗ p < .01. ∗∗∗ p < .001.

Table 3. Cerebral Volumes

Vietnam cohort Gulf War cohort

PTSD+ PTSD− PTSD+ PTSD−
ETOH+ ETOH− ETOH+ ETOH− ETOH+ ETOH− ETOH+ ETOH−
M SD M SD M SD M SD M SD M SD M SD M SD

Cerebral tissue 1086 61 1092 105 1097 95 1118 82 983 84 1136 70 1094 89 1113 95
Sulcal CSF 166 38 138 20 163 20 164 29 109 28 102 13 143 36 117 15
Ventricular CSF 27 11 22 8 28 12 24 10 17 5 13 2 23 15 14 7
Cranial 2666 153 2609 209 2732 190 2762 148 2288 201 2598 160 2604 168 2659 190

Note. Means and standard deviations of subgroup volumes of cerebral tissue, sulcal cerebrospinal fluid (CSF), ventricular CSF, and supratentorial cranium expressed
in milliliters.

Sulcal CSF volume was larger in the older Vietnam

cohort, F (1,91) = 45.94, p < .001, η2
p = .34, and in

ETOH+ participants, F (1,91) = 6.21, p < .05, η2
p = .06.

Ventricular CSF volume exhibited a pattern similar

to sulcal CSF, larger in both the Vietnam cohort,

F (1,91) = 15.3, p < .001, η2
p = .14, and in ETOH+

participants, F (1,91) = 6.70, p < .05, η2
p = .07; how-

ever, the association with PTSD was reduced to a

trend,F (1,91) = 1.66, ns, η2
p = .02; PTSD+: 19.5 mL;

PTSD−: 22.3 mL.

Adjustment for cranial volume left the main effects of

cohort and ETOH on both sulcal and ventricular CSF vol-

umes essentially unchanged; however, the previously strong

main effect of PTSD on sulcal CSF volume was reduced to

a trend, F (1,90) = 3.58, ns, η2
p = .04. No effects on sulcal

or ventricular CSF volume were modified by adjustment

for height, WAIS vocabulary, or both, or by the exclusion

of female participants.

Cranial Volume

Although originally estimated solely to increase power

in analyses of cerebral tissue and CSF, cranial volume

exhibited multiple between-groups effects, including a

three-way interaction of PTSD, cohort, and ETOH,

F (1,91) = 4.82, p < .05, η2
p = .05. In decomposing this
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interaction, it was observed that in the Vietnam cohort,

cranial volume was associated with a main effect of PTSD

only, F (1,59) = 5.66, p < .05, η2
p = .03, and was smaller

in PTSD+ participants. In the Gulf War cohort, both

PTSD, F (1,32) = 8.77, p < .01, η2
p = .22, and ETOH,

F (1,32) = 8.26, p < .01, η2
p = .21, were associated with

smaller cranial volume. Cranial volume was also associ-

ated with a significant two-way interaction of ETOH and

cohort such that within the Gulf War cohort, ETOH+
participants had smaller cranial volume, F (1,34) = 5.40,

p < .05, η2
p = .14, whereas in the Vietnam cohort they

did not, F < 1, η2
p = .003. Finally, simple main effects on

cranial volume were all significant. Smaller cranial volume

was associated with PTSD, F (1,91) = 14.54, p < .001;

η2
p = .14, ETOH, F (1,91) = 4.71, p < .05, η2

p = .05, and

Gulf War cohort membership, F (1,91) = 15.78, p < .001,

η2
p = .15. These effects were not modified by adjustment

for height, WAIS vocabulary, or the exclusion of female

participants.

Linear Relationships

Among the cerebral macrovolumes measured in this sam-

ple, only cranial volume exhibited significant linear corre-

lations with psychiatric severity measures. In all cases, these

were inverse, CAPS-TS: r (97) =−.21, p < .05; MISS:

r (96) =−.21, p < .05; BDI: r (95) =−.23, p < .05, and

were strengthened after cranial volume was residualized

against height, CAPS-TS: r (97) =−.22, p < .05; MISS:

r (96) =−.32, p < .01; BDI: r (95) =−.32, p < .01. As

cranial volume was correlated with WAIS vocabulary

score, r (97) = .21, p < .05, which in turn was correlated

with severity indices, CAPS-TS: r (97) = −.39, p < .001;

MISS: r (96) =−.39, p < .001; BDI: r (95) =−.33,

p < .001, relations between severity indices and cranial

volume were retested after partialing out shared variance

with WAIS vocabulary score. With one exception, these re-

lationships remained significant, CAPS-TS: r (96) =−.17,

ns; MISS: r (96) =−.27, p < .01; BDI: r (94) =−.28,

p < .01.

Only cranial volume was nominally correlated with age

at first Criterion A-qualifying traumatic event, r (85) = .21,

p = .05. To further assess this relationship, the sample

was split into participants whose first traumas occurred

prior to age 8 (n = 20, PTSD+/PTSD−: 16/4, mean age

at first trauma = 5.3 years) versus age 8 or later (n = 67,

PTSD+/PTSD−: 26/41, mean age at first trauma = 18.2

years). This cut-point was chosen because it was within

the asymptotic phase of cranial development and classi-

fied enough cases into the smaller subsample (n = 20) for

reliable correlations. In participants with trauma prior to

age 8, age at first trauma exhibited a significant positive

rank-order correlation with cranial volume, ρ(18) = .62,

p < .01 (see Figure 2), which persisted when one or both

variables were residualized against height. In participants

reporting first trauma at age 8 or later, age at first trauma

was uncorrelated with cranial or cerebral tissue volume

(r s = −.09 to .07). The above pattern persisted when the

cut-point was reduced to 7 or 6.

D I S C U S S I O N

Adults with combat-related PTSD exhibited sulcal CSF

and cranial volumes smaller than those of traumatized con-

trols, whereas cerebral tissue volume exhibited only a trend

in the same direction. The most familiar ground for evalu-

ating unexpected features of these results is provided by sul-

cal CSF volume. Cerebrospinal fluid is well discriminated

in T1-weighted scans, and its volume has been analyzed in

many neuroimaging studies of alcoholism and aging (e.g.,

Pfefferbaum et al., 1992). Significantly, in this sample of

combat veterans, the association of PTSD with smaller sul-

cal CSF volume co-occurred with larger CSF volumes in

alcoholic participants and members of the older Vietnam

cohort. It is reasonable to posit that the former association

emerged here only because other important sources of vari-

ance in CSF volume were accounted for. Although earlier

studies have reported larger CSF volumes in PTSD, a his-

tory of alcoholism was confounded with PTSD in those

samples. It is noteworthy that lifetime alcoholic Vietnam

cohort members did not exhibit smaller sulcal CSF volume

in association with PTSD even though concurrent effects

of alcoholism and aging (via cohort) were presumably ac-

counted for. As discussed below, the cohort factor clearly
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Figure 2. A scatterplot of cranial volume by age at first trauma for participants experiencing that trauma at age 7 or younger (left
panel) versus age 8 or older (right panel). Posttraumatic stress disorder-positive (PTSD+) cases are plotted with squares, PTSD−
cases with circles. Note the strong relationship between age at first trauma and cranial volume in the early traumatized group, and
the absence of such a relationship in the later traumatized group.

incorporates variance beyond that associated with normal

aging.

Although equally unexpected, the finding of smaller

adult cranial volume in PTSD is strongly reminiscent of

the observations of De Bellis, especially in the observed

inverse correlation between a summary cerebral volume

and an index of early trauma. The difference between the

two sets of observations could be bridged by an analysis of

cranial volumes in the samples of De Bellis and Carrion.

Although PTSD was confounded with both MDD and

psychotropic medication, available data do not suggest ei-

ther could account for the observed associations between

PTSD and smaller cranial and sulcal CSF volumes. Indeed,

MDD appears to be moderately associated with increased

CSF volume (Elkis, Friedman, Wise, & Meltzer, 1995).

The observed group differences in cranial volume are al-

most certainly too small to directly impact brain function.

Instead, they may have implications for the timing of emer-

gence of PTSD risk. Because cranial growth is asymptotic

by age 5 (Courchesne et al., 2000), differences between

groups with and without PTSD must reflect a developmen-

tal divergence that long predates adult trauma. It remains

to be determined whether this divergence can best be ac-

counted for by genes, environment, or gene-environment

interactions. As noted earlier, many cerebral features are

inherited (Tramo et al., 1998); however, there are also

indications that development of the human craniofacial

skeleton is highly sensitive to environmental conditions.

Among neonates, smaller external head circumference is

associated with adverse prenatal environments, and is seen

in those born of mothers with poor health (e.g., Thame,

Wilks, McFarlane-Anderson, Bennett, & Forrester, 1997)

and low socioeconomic status (SES; e.g., Hoey & Cox,

1990). Postnatally, head circumference is associated with

poor nutrition (Ivanovic et al., 2004), and it is plausi-

ble that early childhood trauma co-occurs with neglect

extending to a failure to meet the nutritional require-

ments for normal cranial growth. A large body of data also

supports the impact of early developmental adversity on

hypothalamic–pituitary–adrenal (HPA) axis dysregulation

and later mood disorder (Nemeroff & Vale, 2005). The

present findings may suggest that adversity-driven basal

cortisol elevation interferes with bone formation in the

developing cranium. The HPA-axis is stress-reactive from
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infancy (Gunnar, 1992), and many forms of adversity, in-

cluding maternal stress (Essex, Klein, Cho, & Kalin, 2002),

depression (Halligan, Herbert, Goodyer, & Murray, 2004),

and low SES (Lupien, King, Meaney, & McEwen, 2000),

are associated with basal cortisol elevations in young chil-

dren. Bone formation zones express glucocorticoid (GRα)

receptors; (Abu, Horner, Kusec, Triffitt, & Compston,

2000), and elevated circulating glucocorticoid hormones

suppress bone formation and skeletal growth in infancy

(Yeh et al., 2004). Prenatally, maternal ingestion of glu-

cocorticoid drugs, as well as maternal psychological stress,

are associated with smaller neonatal head circumference

(Thorp, Jones, Knox, & Clark, 2002). Such a mechanism

need not result in smaller adult stature, or smaller total

cerebral tissue volume because the long bones and brain

continue to grow into the second decade and so can mani-

fest “catch-up” growth denied the skull (Simon, Fernando,

Czernichow, & Prieur, 2002). A combination of twin

and longitudinal studies will be necessary to resolve these

questions.

Results obtained from the Gulf War cohort suggest that

early childhood differences in cranial volume may distin-

guish alcoholic from nonalcoholic trauma survivors before

addictive behavior is manifested or alcohol toxicity can

impact the brain; however, the Vietnam cohort did not ex-

hibit this association. The strong, nonaging-related cohort

differences to be discussed below complicate the interpre-

tation of this difference. To our knowledge, only one prior

study has examined cranial volume in alcoholics, finding

no difference from controls; however, this study used a

spherical estimate based upon a single linear measurement

(Sullivan, Marsh, Mathalon, Lim, & Pfefferbaum, 1995).

In addition, PTSD was not accounted for. As early child-

hood adversity contributes to adult alcoholism (Dube,

Anda, Felitti, Edwards, & Croft, 2002), its contribution

to cerebral structural correlates of adult alcoholism may

warrant further investigation.

The observation of smaller cranial volume in Gulf War

than in Vietnam veterans demonstrates unequivocally that

the cohort factor, notwithstanding its aging-like associa-

tions with CSF volumes, incorporates nonaging variance.

It is well known that different recruitment methods led to

the formation of the Vietnam and Gulf War forces. Con-

scripted personnel accounted for approximately 30% of

U.S. combat deaths during the Vietnam War, whereas the

all-volunteer force deployed to the Persian Gulf was com-

posed of persons electing military service. Could biases

introduced by self-selection for military service in the Gulf

War cohort have been sufficiently strong to produce differ-

ences in cranial volume, and if so, by what mechanism? To

date, most comparisons of U.S. military recruits to the gen-

eral population have focused on differences in SES, which

appear small (Booth & Schmiegel, 1998). In contrast, pre-

liminary studies have suggested that rates of childhood

adversity in recent military samples range from 30% to

50%, with men reporting more physical and women more

sexual abuse (Merrill et al., 1998; Rosen & Martin, 1996).

According to the National Comorbidity Study (Kessler

et al., 1994), the prevalence of physical abuse in the gen-

eral population is 3% to 5%. If voluntary enlistment in

the military is associated with elevated rates of childhood

adversity, it is conversely plausible that conscription pro-

duced a force with rates closer to that of the general

population. Germane to this argument, Gulf War veter-

ans have exhibited sharply higher cohort-controlled rates

of homelessness than have Vietnam veterans (Rosenheck,

Frisman, & Chung, 1994), a finding commensurate with

relatively higher rates of childhood adversity (Herman,

Susser, Struening, & Link, 1997). In sum, there exist data

compatible with the possibility that the Vietnam and Gulf

War cohorts, like PTSD+ versus PTSD− participants,

are characterized by differences in their early developmen-

tal environments that may have neurobehavioral conse-

quences. In this sample, only trends toward earlier trauma

in the Gulf War cohort were observed; nevertheless, the

large cranial volume differences suggest the inclusion of

early neurodevelopmental measures in future investigations

of military recruitment methods and resulting forces may

be warranted.
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